The rate of proton accumulating in each endocytic organelle.
Supplementary Methods

Syntheses of dye-conjugated PEO-b-(P(R 1 -r-R 2 )) block copolymers
Aminoethyl methacrylate (AMA) was used for the conjugation of dyes. Three primary amino groups were introduced into each polymer chain by controlling the feeding ratio of AMA monomer to the initiator (molar ratio = 3). After synthesis, PEO-b-(PR-r-AMA) (10 mg) was dissolved in 2 mL DMF. Then the Dye-NHS ester (1.5 equivalences for Dye-NHS) was added. After overnight reaction, the copolymers were purified by preparative gel permeation chromatography (PLgel Prep 10µm 10 3 Å, 300×25mm column by varian, THF as eluent at 5 mL/min) to remove the free dye molecules. The resulting copolymers were lyophilized and kept at -20 °C for storage. The only difference for the syntheses of block copolymers for always-ON/OFF-ON UPS nanoparticles is that three AMA groups were introduced into a polymer chain for BODIPY conjugation, while one AMA group was introduced for Cy3.5
conjugation.
Preparation and characterization of UPS nanoparticle micelles
In a typical procedure, 10 mg UPS polymer was dissolved in 500 μL THF (without dye conjugation) or methanol (with dye-conjugation). For always-on/OFF-ON UPS nanoparticles, BODIPY-conjugated polymer and Cy3.5-conjugated polymer was mixed with the indicated weight ratio (Supplementary Fig. S5 ) to determine the best combination that yields high ON/OFF ratio in BODIPY channel and stable always-on signal in Cy3.5 channel. The solution was added to 10 mL Milli-Q water drop by drop. Four to five filtrations through a micro-ultrafiltration system (<100 kDa, Amicon Ultra filter units, Millipore) were used to remove the organic solvent. The aqueous solution of UPS nanoparticles was sterilized with a 0.22 μm filter unit (Millex-GP syringe filter unit, Millipore). Transmission electron microscopy (TEM, JEOL 1200 EX model, Tokyo, Japan) was used to examine micelle size and morphology.
Dynamic light scattering (DLS, Malvern Nano-ZS model, He-Ne laser, λ= 633 nm) was used to determine the hydrodynamic diameter (D h ) of 100 μg/mL micelle PBS solutions. The presented data were averaged from five independent measurements. The zeta-potential was measured using a folded capillary cell (Malvern Instruments, Herrenberg, Germany). The presented data were averaged from three independent measurements.
Quantitation of cellular uptake of UPS nanoparticles
HeLa cells (1×10 6 per well) were seeded in 6-well tissue culture dishes. After 12 to 16 h, the cells were exposed to UPS 6.2 -TMR, UPS Assay was used to determine the viability of the cells.
Hemolysis assay
The assay was adapted from Bignami's method 2 . Whole mouse blood (2 mL) was added to 12 mL 0.9% NaCl solution, and was centrifuged at 1000 rpm for 15min. The supernatant was disregarded and 0.9% NaCl solution was added to wash the precipitate at least 3 times until the supernatant become clear. Red blood cell suspension (2%) was prepared in 0.9% NaCl solution. Distilled H 2 O (500 L, positive control), 0.9% NaCl (negative control), or 400 g/mL UPS nanoparticles in 0.9% NaCl solution were added to 500 L of red blood cell suspension. The mixed solution was incubated at 37°C for 3 hours, then centrifuged at 1000 rpm for 3min. Supernatant of each sample was read on a Shimadzu UV-Vis spectrophotometer (UV-1800 model) at 570nm.
Metabolomic analysis
HeLa cells were grown in 100 mm dishes until 80% confluent, and separated into nutrient replete and nutrient depleted groups. The medium for cells in the nutrient deplete group was changed to EBSS before being washed with saline twice. Then 200 or 400 μg/mL UPS 4.4 (final concentration) or same volume of water (as control, each condition contains 6 replicates) was added to both groups and was left for overnight. In a separate cohort of experiments, 1,000 μg/mL UPS 6.2 , UPS 5.3 , UPS 4.4 or 100 nM baf A1 or water (each condition contains 4 replicates) was added to nutrient replete and nutrient depleted cells and was incubated overnight.
Following this, cells were washed twice with ice-cold saline, then overlaid with 500 µL of cold methanol/water (50/50, v/v) . Cells were transferred to an Eppendorf tube and subjected to three freeze-thaw cycles. After vigorous vortexing, the debris was pelleted by centrifugation at 16,000 × g and 4°C for 15 min. Pellets were used for protein quantitation (BCA Protein Assay Kit, Thermo). The supernatant was transferred to a new tube and evaporated to dryness using a SpeedVac concentrator (Thermo Savant, Holbrook, NY). Metabolites were reconstituted in 100 µL of 0.03% formic acid in analytical-grade water, vortex-mixed and centrifuged to remove debris. Thereafter, the supernatant was transferred to a HPLC vial for the metabolomics study.
Targeted metabolite profiling was performed using a liquid chromatography-mass optimized for each metabolite by direct infusion of reference standards using a syringe pump prior to sample analysis. The MRM MS/MS detector conditions were set as follows: curtain gas 30 psi; ion spray voltages 5000 V (positive) and -1500 V (negative); temperature 650°C; ion source gas 150 psi; ion source gas 250 psi; interface heater on; entrance potential 10 V. In total, 69 water-soluble endogenous metabolites were confidently detected above the baseline set by cell-free samples. Dwell time for each transition was set at 3 msec. Cell samples were analyzed in a randomized order, and MRM data was acquired using Analyst 1.6.1 software (Applied Biosystems SCIEX, Foster City, CA).
Chromatogram review and peak area integration were performed using MultiQuant software version 2.1 (Applied Biosystems SCIEX, Foster City, CA). Although the numbers of cells were similar and each sample was processed identically and randomly, the peak area for each detected metabolite was normalized against the protein content of that sample to correct any variations introduced from sample handling through instrument analysis. The normalized area values were used as variables for the multivariate and univariate statistical data analysis.
The chromatographically co-eluted metabolites with shared MRM transitions were shown in a grouped format, i.e., leucine/isoleucine. All multivariate analyses and modeling on the normalized data were carried out using SIMCA-P (version 13.0.1, Umetrics, Umeå, Sweden).
An unsupervised hierarchical clustering was performed with Gene Cluster 3.0 software.
The raw data was firstly normalized to total ion current and was log-transformed and mean-centered. Euclidean distance and average-linkage method were used to generate the dendrograms.
